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On  primary  isolation from  natural  sources,  bovine  tubercle  bacilli grow 
more poorly on ordinary culture media than do human tubercle bacilli. After 
prolonged incubation or numerous transfers, however, they often give rise to 
variants which grow more rapidly (1-4). The primary, slow growing cultures 
have  been called  "dysgonic"  and  the  variant rapidly  growing strains  "eu- 
gonic"  (S). 
The experiments  to be presented here were planned to define  the nutri- 
tional  differences  between  dysgonic  and eugonic strains. 
Materials  and Methods 
The culture medium generally used in this laboratory  (6) was modified as follows: Tween 
80,  a  commercial product  consisting chiefly of a  polyoxyethylene derivative  of  sorbitan 
monooleate 0.1  ml.; Na~-IPO4.12 H~), 6.3 gra.;  KHsPO4, 1.0 gin.; MgSO4.7 HsO, 0.02 
CaCl2, 0.0005 gin.; distilled water 1000 ml. After autoclaving the medium at 15 pounds' 
pressure for 15 minutes, 0.1 per cent bovine albumin (plasma fraction V) and 0.05 to 0.1 
per cent NH4C1 or 0.2 per cent sodium glutamate were added from sterile stock solutions. 
The medium was then inoculated with one hundredth its volume of a 7 to 10 day old cul- 
ture of tubercle bacilli in liquid Tween-albumin medium. After a thorough mixing, the in- 
oculated  medium was distributed  in 5.4 ml. portions  into sterile screw-cap culture  tubes. 
These tubes (20 by 125 ram. external dimensions) were fitted into a slightly modified  adapter 
for  the  Coleman  junior  electrophotometer.  The  substances  to  be  tested  as  nutrients 
(glucose, Tween 80, etc.) were added from sterile stock solutions to yield desired concentra- 
tions in a final volume of 6 ml. The tubes were incubated at 37°C. and shaken once or twice 
d~ily. Density readings (?~ ffi  650) were made as soon as growth became visible and were 
repeated either daily or on alternate days. The cultures studied included 10 bovine,  t 3 hu- 
man, and 5 BCG strains from different laboratories. 
EXPERIMENTAL RESULTS 
The Effect  of Tween 80 on  the Growth of Dysgonic  and Eugonic  Strains.-- 
Dysgonic strains were at once distinguishable from eugonic strains by the fact 
* From the Division of Chronic Disease and Tuberculosis, United States  Public Health 
Service. 
l  Four  dysgonic  bovine  strains  were  obtained  through  the  courtesy  of Dr. V. Lester, 
Staatens  Serum  Institut,  Copenhagen. 
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that  the  former did  not grow or grew  very poorly in  a  medium  containing 
0.02 per cent Tween 80, 0.1 per cent albumin,  1 per cent glucose, and either 
0.1 per cent NH4C1 or 0.2 per cent sodium glutamate. Eight of the ten bovine 
strains  tested  were  dysgonic,  but  one  of them  became  rather  eugonic  after 
several  months  during  which  the  culture  was  transplanted  every  10  to  15 
days in the Tween-albumin medium, and this strain was discarded. 
0.7  ~  "- Eugonic .str,  ain  /~  Glttco~elO.0,Tween  0.55 
o---o Dy~cjonie ~t~ain  /  "  5.0,  "  0.55 
0, 
.....  "-o Tween ~.1) Glucose 
0.4  s 
03  .-'"  o-  .....  o. 
,,.-:./..---/'---°--  ---  ---°-  .........  ,.,,  ,,  ,o.o 
0.2  / 
..;::/7.0-/-  .............  ..  =,  .  ,o.o 
,~  "''4"°'" /  - /  -'"~=:'~  .........  0  "~  n ,~ 
..... 
,;..--c~7_..-  .':==,,  =.dr:7-=.  =  =  .....  ,  10.0  r,~,----.r.--~-o  ..... -o  ,"  OA  r. 
100  2OO  ~00  ~  500 
Time (hout~) 
F1o. 1. Growth  of M.  tub~ulosis  boris,  dysgonic vs. eugonic strains.  The broken  lines 
represent the growth of a dysgonic strain  in the presence of 10 mg./ml, of glucose and ~n- 
centrations of Tween 80 varying from 0.1 to 2.1 reg./m1. 
The solid lines represent the growth of a eugonic strain in the presence of glucose varying 
from 1 to 10 mg./ml, and 0.35 mg./ml. Tween 80. 
The concentrations  of glucose and Tween are indicated  on the charts in figures corre- 
sponding to milligrams per milliliter. The medium contained  NH4C1, 1.0 mg./ml.; bovine 
albumin, 1.0 mg./mL The media were inoculated with a 7 day old culture on Tween-albumin 
medium to give a final culture dilution of 10  -~. 
Because  of  the  poor  growth  of  the  dysgonic  strains  in  the  medium  de. 
scribed, the effect of various concentrations of Tween 80 on their growth was 
tested.  Such an experiment is illustrated by Fig. 1. The broken lines represent 
the growth of a dysgonic strain in media containing 10 mg./ml, of glucose and 
amounts of Tween 80 varying from 0.1  to 2.0 mg./ml.  There was no growth 
in  the  absence  of Tween,  whereas  the  amount  of growth  increased  with  in- 
creasing concentrations of it. The total amount of growth was roughly propor- 
tional  to the amount of Tween added,  except that very large concentrations 
gave lower yields than  those expected, probably on account of a  toxic effect. 
In cultures which had stopped growing in the presence of a  limited amount of 
Tween,  further  additions  of this  substance  immediately  led  to  new  growth. WERNER  B.  SCHAEFER  209 
Thus, Tween 80 appeared to facilitate the growth of the dysgonic strains.  In- 
crease  in  the  concentration  of  this  substance  increased  not  only  the  total 
amount  but  also  the  rate  of  growth.  However,  even  at  concentrations  of 
Tween which produced maximal stimulation,  the growth  rate of the dysgonic 
strains was not exponential but almost linear. 
By contrast,  eugonic bovine strains,  as illustrated  by the solid lines in  Fig. 
1,  exhibited  rapid  and  exponential  growth  in  the  presence  of  10  mg./ml,  of 
glucose and 0.35 mg./ml, of Tween. The addition of larger amounts of Tween 
produced no further stimulation and growth also occurred in its absence, but 
at a  lower rate.  Thus Tween appeared to be stimulating but not essential for 
the growth oi the eugonic strains. 
FIG. 2.  Colonies of a dysgonic strain of M. tuberculosis bovis grown on oleic acid-albumin 
agar or albumin-agar. The plates were inoculated with 0.1 ml. of a 10  -6 dilution from a cul- 
ture in Tween-albumin medium and incubated at 37°C. for 17 days. >( 1.6. The photographs 
were made by Mr. Julian Carlile. 
The growth of dysgonic bovine strains was stimulated  not  only by Tween 
80 but  also by oleic acid  that  had been rendered  non-toxic for the  bacilli by 
the  addition  of  bovine  albumin.  This  is  illustrated  by  Fig.  2,  which  shows 
that colonies of a  dysgonic strain were larger on oleic acid-albumin agar than 
on the agar medium without oleic acid. 
The Effects  of Glucose and Glycerol  on  the Growth  of Dysgonic  and Eugonic 
Bovine  Strains.--It  was  reported  in  previous papers  (7,  8)  that  the  growth 
rate of human tubercle bacilli increased with the amount of glucose added to 
the medium and attained its maximum when the concentration of glucose was 
10 mg./ml. Fig.  1 illustrates this same effect of glucose on the growth rate of 
eugonic bovine strains.  Fig.  3  shows the  effect of glucose on the growth of a 
dysgonic bovine strain.  The uppermost section of this figure shows growth in 
the presence of a  relatively large amount of Tween 80 and various concentra- 
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of glucose, but with  the largest amounts the  total growth stopped at a  lower 
density level than in the presence of smaller amounts. The two lower sections 
of Fig.  3  represent  the  growth in  the presence  of smaller  amounts  of Tween 
80.  Under  these  conditions,  the  depressing  effect of glucose on  total  growth 
was  already  manifest  at  lower  concentrations  of glucose  and  the  amount  of 
glucose optimal for growth decreased from 5 to 2.5 or even 1 mg./ml.  Table I 
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~F" FIO. 3.  Effect of glucose and Tween 80 on the growth of a dysgonic strain  of M. tuber- 
culosis boris. The concentrations of Tween and glucose are indicated on the charts in figures 
corresponding  to milligrams per  milliliter.  The culture  medium contained:  sodium  gluta- 
mate,  2.0 mg./ml.;  NHaC1, 1.0 mg./ml.; bovine albumin,  1.0 mg./ml.  The media were in- 
oculated with a 12 day old culture on Tween-albumin medium added to give a final dilution 
of 10  -~. 
shows  that  high  concentrations  of  glucose  retarded  or  completely  inhibited 
the growth of small inocula of a  dysgonic strain. 
Table  II  shows  the  comparative  effects  of  glycerol  and  glucose  on  the 
growth of two dysgonic strains.  The effects were similar but glycerol was less 
stimulating  in  low  concentrations  and  less  inhibitory  in  high  concentrations 
than was glucose. Apparently glycerol is metabolized less readily than glucose 
by dysgonic strains. 
The Specificity of the Effect  of Oleic Acid.--Dubos  and  Davis  (9,  10)  have 
shown that palmitic and stearic acid as well as oleic acid, in the form of esteri- 
fled sorbitan  compounds or as sodium salts,  stimulate  the  growth rate  of tu- WERNER  B.  SCHAEFER  211 
bercle bacilli. The present  investigations extended  this finding particularly  to 
dysgonic  bovine  strains.  Results  obtained  with  palmitic  (Tween  40)  and 
TABLE I 
Growth of a Dysgoni¢ Strain of Bovine Tubercle Bacilli in the Presence of Various Concentrations 
of Glucose and Tween 80 
Glucose 
mg./ml. 
2O 
10 
5 
2.5 
1.0 
0.0 
Tween 80, reg.~rid. 
0.1 
660 hrs. 
520  " 
450  " 
400  " 
380  " 
435  " 
0.35 
No growth 
515 hrs. 
390  " 
390  " 
435  " 
400  " 
0.6 
No growth 
435 hrs. 
410  " 
380  " 
1.1 
No growth 
545 hrs. 
400  " 
435  " 
F 
2.1 
No growth 
~c  ~c 
c¢  ~c 
590 hrs. 
The time (hours)  is shown at which the cultures attained a standard density of 0.02  (95.5 
per cent transmittance), representing the growth of 9 generations. The culture medium con- 
tained glutamate, 2.0 mg./ml.; NH~C1, 1.0 mg./ml, bovine albumin, 1.0 mg./ml. The media 
were inoculated with a 12 day old culture in Tween-albumin medium to give a 10  ~  final cul- 
ture dilution corresponding to 80,000  viable bacilli per ml. 
TABLE II 
Growth of Two Dysgonio Strains of Bovine Tubercle Bacilli in the Presence  of Various 
Concentrations  of Glycerol or Glucose 
Optical density readings after 20 days' incubation 
Concentrations of 
added glycerol  or  Strain 1  Strain 2  glucose 
Glycerol  Glucose  Glycerol  Glucose 
~ng./ml. 
50.0 
25.0 
10.0 
5.0 
2.5 
1.0 
0.0 
O.  122 
0.131 
0.143 
0.149 
0.140 
O.  152 
O. 125 
0 
0.022 
0.204 
O. 288 
0.098 
0.118 
0.143 
0.137 
0.145 
0.137 
0.143 
0 
0.169 
0.187 
0.2O6 
0.237 
The culture medium contained: glutamate, 2.0 mg./ml.; NH4C1, 0.5  mg./ml. Tween 80, 
0.5 mg./ml.; bovine albumin, 1.0 mg./ml. The media were inoculated with a 12 day old culture 
in Tween-albumin medium to give a final culture dilution of I0  -a. 
stearic  (Tween  60)  sorbitan  compounds  were  similar  to  those  obtained  with 
the oleic acid (Tween 80)  sorbitan compound. 
Experiments on the effects of sodium oleate, palmitate,  and stearate  on the 
growth  of  two  dysgonic  bovine  strains  are  summarized  in  Table  III.  These 212  DYSGONIC AND  EUGONIC  TUBERCLE  BACILLI 
salts were added to the basal culture medium in admixture with one hundred 
times their concentration of albumin in order to neutralize their toxicity. The 
basal medium contained 0.01  per cent Tween 80  (=  25  ug./ml, oleate), 0.25 
per cent sodium glutamate, 0.2 per cent glucose, and 0.25 per cent albumin. 
After  inoculation  25  ug./ml,  of  sodium  oleate,  palmitate,  or  stearate  (or 
water)  was  added  to  this  medium.  Table III  shows  that  the  final  growth 
levels were nearly identical for these three soaps. The growth yield per weight 
unit of the soaps was of the same order as that obtained with an equivalent 
amount of the oleic sorbitan compound. 
Sodium  glutamate,  acetate,  succinate,  malate,  and  pyruvate  were  also 
tested for their ability to replace fatty acids. The results of these experiments 
are summarized in Table IV. It can be seen that the addition of these sub- 
TABLE III 
Growlk of Two Dysgonlc Strains of Bovine  Tubercle Bacilli witk and without Sodium 0leo2¢, 
Palmitate, or Stearate 
Concentration of fatty acid 
~g./ml. 
Oleate 25.0 .................................. 
Palmitate  25.0 ............................... 
Stearate 25.0 ................................. 
None ....................................... 
Optical densi~ r  eacl~., after 11 days' 
IRCUDaUOn 
Strain I 
0.232 
0.233 
2.250 
0.165 
Strain 2 
0.212 
0.224 
0.234 
0.132 
The culture media contained: glutamate, 2.5 mg./ml.; NH~C1, 0.5 mg./ml.; glucose 2.0 
mg./ml.; Tween 80 0.1 mg./mL; bovine albumin, 2.5 mg./ml. The media were inoculated 
with a 6 day old culture in Tween-albumin  medium to give a final dilution of 10  ~. 
stances to a  basal medium containing Tween 80, a  nitrogen source, glucose, 
and  albumin  increased  the  final  growth  level  in  the  presence  of  a  given 
amount of Tween 80, but did not make the growth of these strains independ- 
ent of Tween. 
The results obtained with pyruvate are particularly interesting. It has been 
shown by Boissevain (II,  12)  that the addition of 0.1  per cent of pyruvate 
rendered Long's synthetic medium suitable for the growth of most dysgonic 
strains of bovine tubercle bacilli, and by Stonebrink (13)  that the addition of 
0.3 per cent pyruvate to an egg medium, accelerated the growth of dysgonic 
strains on primary isolation. The present experiments showed that the addi- 
tion  of pyruvate  to  a  medium  containing  glucose  markedly  shortened  the 
time required for growth  to become visible  (Table V)  and considerably in- 
creased  the  final  growth  level  (Table  IV  and  Fig.  4).  This  stimulation  of 
growth  was  observed not  only in  the presence but  also  in  the  absence  of 
Tween. In the latter case, however, the total growth was not quite as large WERNER  B.  SCHAEFER  213 
TABLE IV 
Growth of Dysgonic Strains of Bovine Tubercle Bacilli in the Presence of Various Amounts 
of Tween 80 and Glucose Supplemented ugth Constant Amounts  of Glutamate, Acetate, 
Malate, Succinate, or Pyruvate 
Strain 
D1 
D2 
Tween 80 
0.i1 
0.35 
0.60 
0.1 
0.2 
0.4 
0.0  D3  0.1 
0.0  D3  0.1 
0.0  D3  0.1 
Glucose, I0.0  mg./ml. 
Gluta-  No gin- 
mate, 2.0 
mg./ml,  tamate 
0.035  0.025 
0.121  0.065 
0.208  0.085 
Acetate,  No 
1.0  rag..ml,  acetate 
0.072  0.024 
O. 160  0.060 
O. 220  O. 160 
Glucose, 10.0 mg./ml. 
Malate,  No 
10.0 
mg./ml,  malate 
0.029  0.011 
0.094  0.069 
Succinate  No 
I0.0  succinate  mg./ml. 
0.013  0.OO7 
0.114  0.041 
Pyruvate,  No 
5.0  mg./ml,  pyruvate 
0.143  0.007 
0.256  0.041 
Glucose, 5.0 rag./nd. 
Gluta-  No gin- 
mate, 2.0  mg./ml,  tamate 
0.054  0.036 
0.172  0.052 
0.305  0.090 
Acetate,  No 
1.0  mg./ml,  acetate 
0.155  0.028 
0.210  0.075 
0.220  0.192 
Glucose, 3.0 mg./ml. 
Malate, 
10.0 
mg./ml. 
0.054 
0.244 
Succinate, 
I0.0  ; 
mg./ml. 
0.014 
0.252 
Pyruvate, 
5.0 
mg./rnl. 
0.125 
0.350 
No 
malate 
0.027 
0.107 
No 
succinate 
0.007 
0.059 
No 
pyruvate 
0.007 
0.059 
Not varied constituents 
mg./ml. 
NI-I4C1, 1.0 
Bovine Albumin 
NH4C1, 1.0 
Glutamate, 2.0 
Bovine albumin, 1.0 
NI-I~C1, 1.0 
.Glutamate, 2.0 
Bovine albumin, 1.0 
The resulting growth was measured as optical density and the maximal values are recorded 
in the tables. The media were inoculated with a 10 day old culture in Tween-albumin  medium 
to give a final culture dilution of 10  -~. 
as in the presence of it. Apparently, then, pyruvate was able, in large meas- 
ure, to replace fatty acid in the growth of dysgonic bovine strains. 
Similar results were obtained in media with glycerol and pyruvate, but only 
in the presence of Tween 80  (Table VI). It is remarkable that the stimulating 
effect of pyruvate was  greatest in  the presence of high glucose and  glycerol 
concentrations  which  by  themselves  inhibited  growth.  Pyruvate  alone  had 214  DYSGONIC  AND  EUGONIC  TUBERCLE  BACILLI 
very little effect on  growth  in  a  concentration  of 0.1  per  cent  and  inhibited 
growth in higher concentrations. 
TABLE V 
Growth of a Dysgonic Strain of Bovine Tubercle Bacilli in Media arRk and ~iJkout Tween 80, 
Pyruvate, and Glucose 
Glucose 
m&./ml. 
10.0 
3.0 
1.0 
0.0 
No Tween 80 
Pyruvate, 
5.0 mg./ml. 
360 hrs. 
400  " 
510  " 
No growth 
No pyruvate 
No growth 
~c  cc 
Tween 80, 0.I mg./ml. 
Pyruvate, 
5.0  mg./ml. 
205 hrs. 
190  " 
345  " 
No growth 
No pyruvate 
350 hrs. 
315  " 
285  " 
No growth 
The time (hours)  is shown at which the cultures attained a  standard  density (95.5  per 
cent transmittance), representing the growth of 9 generations. The culture medium contained 
glutamate, 2.0 reg./m1.; NH~ C1, 1.0 reg./m1.; bovine albumin, 1.0 reg./m1. The media were 
inoculated with a  11 day old culture in Tween-albumin medium to give a  10  -4 final culture 
dilution. 
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FIo. 4.  Effect of sodium pymvate and glucose on the growth of a dysgonic strain of M. 
tuberc~osis bo~s. The concentrations of glucose and pyruvate are indicated on the charts in 
figures corresponding to miUigrams per ndlliliter.  The culture  medium contained: sodium 
glutamate, 2.0 mg./ml.; NH4CI,  0.5 mg./ml.; Tween 80, 0.1  mg./ml.; bovine albumin, 1.0 
mg./ml.; glucose varied. The media were inoculated with an 11 day old culture on ~een- 
albumin medium to give a final culture dilution of 10  -4 
Variation from "Dysgonic" toward  "Eugonic" in Bovine Tubercle Bacilli, and 
from  "Smooth" to  "Rough" in Avian  Tubercle  Bacilli.--During  these  investi- 
gations, eugonic variants could be recognized in a  dysgonic culture on albumin 
agar or oleic acid-albumin  agar by the greater opacity of their colonies. These 
"opaque"  variants  differed  from  the  "transparent"  type  by  their  faster WERNER  B.  SCHAEFER  215 
growth, higher yields at a  given Tween 80 concentration and decreased sus- 
ceptibility  to  the  inhibiting  effect  of  high  concentrations  of  glucose.  The 
growth of these variants,  however, was  poor as  compared with  that  of the 
true eugonic strains.  The variation from dysgonic toward  eugonic, although 
incomplete, was readily observed on these media. 
Variations in colony morphology have also been described in avian tubercle 
bacilli. It was shown by Dubos and Davis (9,  10) that the growth of smooth 
avian tubercle bacilli is strongly stimulated by fatty acids. We were fortunate 
in having available smooth and rough variants of an avian strain isolated by 
TABLE VI 
Growtk of a Dysgonic Strain of Bovine Tubercle Bacilli uqtk and without Pyru~ate and Glycerol 
Optical density readings after 24 days' incubation 
Glycerol  Tween 80, 0. I* mg./ml. 
Pyruvate, mg./ml. 
5.0  2.5  1.0  0 
rng./ml. 
40.0  0.328  0.171  0.096  0.039 
None  0  0.018  0.129  0.056 
Tween 80, 0.2 mg./ml. 
Pyruw~, rag.lint. 
5.0  2.$  1.0  0 
40.0  0.462  0.321  0.147  0.066 
None  0  0  0.140  0.064 
The culture media  contained glutamate, 2.0 mg./ml.; N~4C1, 1.0 mg./ml.; bovine  albumin, 
1.0 mg./ml.  The media were inoculated with 12 day old culture in Tween-albumin medium 
to give a 10  -4 final culture dilution. 
* No growth occurred when Tween 80 was omitted. 
Dr.  C.  H.  Pierce, permitting  study of  the  effects of Tween 80 and glucose 
upon their growth. As shown in Fig. 5, the growth rate of the smooth strain 
was very slow in the presence of  1 per cent glucose and a  small amount of 
Tween,  but  increased  markedly  with  increase  in  Tween  concentration.  By 
contrast, the rough strain showed a  high rate of growth in the presence of  1 
per cent gluc6se and a  small amount of Tween, but there was only a  slight 
stimulating  effect when  the  Tween concentration was  increased.  The rough 
strain,  therefore, was apparently less dependent for rapid growth on a supply 
of fatty acid in the medium than was its smooth parent strain. 
The Isolation  of Bovine and Avian  Tubercle Bacilli from Natural Sources.- 
The more rapid growth of the dysgonic bovine and smooth avian strains on 216  DYSGONIC  AND  EUGONIC  TUBERCLE  BACILLI 
media containing fatty acid suggested the use of these media for the isolation 
of bovine  tubercle  bacilli from  natural  sources.  Five  specimens  ~ of  lymph 
glands from tuberculous cows have been examined so far. They were treated 
with 4 per cent sodium hydroxide according  to the procedure of Petroff and 
then  inoculated  in  various  dilutions  on  Loewenstein-Jensen  medium,  oleic 
acid-albumin agar,  and  albumin agar.  The last two media were used either 
supplemented with 0.5 per cent glucose  or without glucose.  In all  cases,  the 
colonies  appeared  in  less  than  2 weeks on  oleic acid-albumin  agar  without 
glucose  and  increased  rapidly in  size.  Oleic acid-albumin  agar  with glucose 
and simple  albumin agar with or without glucose gave less rapid growth. On 
Loewenstein-Jensen medium,  three specimens  completely failed to grow; the 
others gave visible growth only after 3  to 5 weeks.  One  specimen  of avian 
0.4 
=  :  ~mooth ~rlont  J 0 "1'w'e~.'l 
m  ....o  -  o---o  rouqh  ,,--"  ,~ 0.5  " 
/  /"  /  J~  1.0  " 
0.2 
0.1  ~j.~_~-,.~  .._,.._~  0.2  " 
50  100  150 
T/me (hou:~) 
FIG. 5.  Growth of  M.  t~bcrc~osls ~rn,  "smooth" ~s.  "rough" variants. The concen- 
trations of  Tween  are indicated on  the charts in figures corresponding to  milligrams per 
milliliter. The culture medium contained (NI-I4)2SO4,  1.0 mg./ml.;  glucose,  10.0 mg./ml.; 
bovine albumin, 1.0 mg./ml. The media were inoculated with a  7 day old culture on Tween- 
albumin medium, to give a final culture dilution of 10  -2 
tuberculosis in  a  hog  showed growth  of  typical  colonies  of  avian  tubercls 
bacilli on the 6th day of incubation on oleic acid-albumin agar.  These coloniee 
could be distinguished  easily from colonies  of bovine bacilli by their greater 
transparency and glistening  surface.  On Loewenstein-Jensen medium,  colonies 
could be detected only after 2~ weeks. The oleic acid-albumin agar medium 
therefore seems to be preferable for the isolation of bovine and  avian tubercle 
bacilli from natural sources. 
DISCUSSION 
Dubos and Davis (9, 1(3) have shown the importance of fatty acids for the 
growth of tubercle bacilli.  The experiments reported here emphasize further 
the role  of these substances in the growth of dysgonic strains.  Not only do 
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fatty acids stimulate the growth rate of human and  eugonic  bovine strains, 
but they are also necessary for the growth of dysgonic bovine strains.  Dys- 
gonic strains cultivated in liquid media with fatty acids do not, however, grow 
as fast as eugonic  strains.  Their growth rate is linear,  in contrast to the ex- 
ponential growth rate of the eugonic strains. This suggests that the growth of 
dysgonic strains is related not only to the amount of fatty acid supplied but 
also to the rate at which the fatty acids are converted into essential  metabo- 
lites. This rate appears to be growth-limiting. 
The well known effect of high concentrations of glycerol in inhibiting or re- 
tarding  the  growth  of  dysgonic bovine strains  (14)  was  confirmed  in  this 
study. It was also found that low concentrations of glucose  stimulated,  and 
high  concentrations  inhibited,  the growth of small  inocula of these strains. 
Growth inhibition by high concentrations of glucose may be the consequence 
of the failure of the dysgonlc strains to synthesize essential  metabolites from 
fatty acids at  an  increased  rate  in response to an increased glucose  supply. 
Therefore the relative metabolite deficiency of the cells of the dysgonic organ- 
isms increases under these conditions,  leading to cell damage and inhibition of 
growth.  Partial  disintegration  has  actually  been  observed  in  human  and 
eugonic bovine tubercle bacilli grown in a medium  with a high concentration 
of glucose  but very deficient  in nitrogen source.  Under these conditions,  the 
bacteria utilized their own nitrogenous material for growth, thereby depleting 
their  own nitrogen  resources  to  such a  degree that  they  underwent  partial 
disintegration (13, 15). 
The addition of pyruvate enabled dysgonic strains  to grow in media with° 
glucose  in the absence of fatty acid,  and in media with glycerol in the pres- 
ence of only minimal amounts of fatty acid.  Pyruvate is an intermediate com- 
pound in the metabolism of glucose and glycerol.  The observation that pyru- 
vate had  to be added in order to permit dysgonic strains  to grow in media 
with glucose or glycerol but without fatty acid suggests that the mechanism 
for the conversion  of glucose and glycerol into pyruvate may be disturbed in 
dysgonic strains.  The fact that pyruvate replaces fatty acid in the growth of 
dysgonic strains suggests that either may act as a suitable source for the for- 
mation of essential  metabolites. Two pathways may exist for the formation of 
these  metabolites:  the  one  goes  via  pyruvate  which  is  normally  produced 
during the metabolism of glucose or glycerol,  and the other utilizes fatty acid 
as starting material. The first pathway presumably cannot be utilized by dys- 
gonic strains because of their apparent inability to convert glucose or glycerol 
into pyruvate, but the second pathway starting  from fatty acid is open.  It 
follows that fatty acids are necessary for the growth of the dysgonic strains. 
In eugonic strains, both pathways are open and are utilized simultaneously or 
alternatively, according to the availability of the nutrients. 
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form seems to consist in the acquisition of the ability to metabolize glucose 
and glycerol in such a way that they can serve as sufficient sources of carbon 
and  energy. The nature  of the metabolic deficiency  in dysgonic strains  has 
not yet been fully investigated.  The eugonic  variants  that  arise in dysgonic 
cultures are probably due to mutation.  This view is suggested by the obser- 
vation that eugonic variants were found as rare isolated colonies ~'hen certain 
dysgonic  strains  were  plated  on  albumin  agar  or  oleic  acid-albumin  agar 
media. These variants probably are selected by the use of media with no or 
low fatty acid  content  and  high  glucose  or glycerol  content on which only 
eugonic variants are able to grow. Such media (e.g.,  glycerinated potato broth 
or the synthetic media of Sauton or Long) have indeed been found the most 
favorable for the isolation of eugonic variants (9). 
Our experiments with smooth and rough avian tubercle bacilli suggest that 
the metabolic pattern  and  the mechanism  of their  "dissociation" are some- 
what  similar  to  those  of bovine  strains.  The  growth  of  the  smooth  avian 
strain, like that of the dysgonic bovine strains, was more stimulated by fatty 
acid than by glucose;  and  the rough avian variant,  like  the eugonic  bovine 
strains,  was more stimulated  by glucose  than  by fatty acid.  Smooth avian 
strains,  however, in  contrast  to  dysgonlc strains,  are  able to grow without 
fatty acid and,  therefore,  are not,  strictly  speaking,  dysgonic. They require 
fatty acid only for rapid growth.  Rough avian variants have been most  fre- 
quently observed on the media which favor the growth of the eugonic variants 
of bovine strains (9). 
SUMMARY 
The nutritional requirements of dysgordc and eugonic bovine tubercle bacilli 
were investigated in liquid Tween-albumin medium. The following conclusions 
were reached.'--- 
Dysgonic bovine tubercle bacilli require for multiplication long chain fatty 
acids which can be supplied as oleic, palmitic, or stearic acid whereas eugonic 
bovine strains can grow in the absence of fatty acid and can utilize  glucose 
as a sufficient source of carbon. 
In the presence of fatty acids,  the growth of  dysgonic strains is increased 
by the addition of small amounts of glucose or glycerol, whereas large amounts 
of glucose  or  glycerol  decrease  the  total  growth  and  inhibit  or  retard  the 
growth of small inocula. 
In glucose-fatty acid media, the growth of dysgonic strains is further stim- 
ulated by the addition of sodium glutamate, succinate, malate, or acetate. 
Sodium pyrnvate enables dysgonic strains to grow rapidly in liquid  medl, 
containing glucose or glycerol even in the absence of fatty acid. 
The significance of these findings  for the mechanism of the variation from 
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The use of oleic acid-albumin agar without glucose permits the rapid isola- 
tion of bovine tubercle bacilli from natural sources. 
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